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Abstract
We investigate the changes to a single photon state caused by the non-maximal entanglement
in continuous variable quantum teleportation. It is shown that the teleportation measurement
introduces field coherence in the output.
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FIG. 1: Schematic representation of the quantum teleportation setup.
I. INTRODUCTION
Quantum teleportation is a method for Alice (sender) to transmit an unknown quantum
input state to Bob (receiver) at a distant place by sending only classical information using
a shared entangled state as a resource [1]. In continuous variable quantum teleportation
[2, 3, 4], the available entanglement is non-maximal, limited by the amount of squeezing
achieved. Fig.1 shows the setup of a continuous variable quantum teleportation. Alice
transmits an unknown quantum state | ψ〉A to Bob. Alice and Bob share EPR beams in
advance. Alice mixes her input state with the reference EPR beam by a 50% beam-splitter
and performs an entanglement measurement of the complex field value β. After Bob gets
the information of the field measurement value β from Alice, Bob applies a displacement
to the output state by mixing the coherent field of a local oscillator with the output EPR
beam B.
As has been shown previously [6], the properties of this transfer process can be summa-
rized by the transfer operator Tˆq(β) which describes both the probability distribution P (β)
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of measurement results β and the normalized conditional output state
| ψout(β)〉 for any input state | ψin〉, such that
√
P (β) | ψout(β)〉 = Tˆq(β) | ψin〉. (1)
In its diagonalized form, this transfer operator reads
Tˆq(β) =
√
1− q2
pi
∞∑
n=0
qnDˆ(β) | n〉BA〈n | Dˆ(−β). (2)
The non-maximal entanglement is described by the parameter q, which is 0 for a non-
entangled vacuum and 1 for maximal entanglement. In the following, this operator will
be applied to characterize the teleportation of a single photon input state, with special
consideration of the field coherence created in the output by the teleportation process.
II. TELEPORTATION OF A SINGLE PHOTON STATE
The output of a one photon input state is characterized by
Tˆq(β) | 1〉 =
√
1− q2
pi
e−(1−q
2)
|β|2
2 Dˆ((1− q)β)((1− q2)β∗ | 0〉+ q | 1〉). (3)
The normalized output state is then given by
| ψout(β)〉 =
1√
q2 + (1− q2)2|β|2
Dˆ((1− q)β)((1− q2)β∗ | 0〉+ q | 1〉). (4)
The output state can be described by a displaced coherent superposition of a zero photon
and a one photon component. Both the displacement and the coherence depend on the
complex measurement value β. They therefore represent a measurement induced coherence
of the output state. We characterize this coherence by the expectation value of the complex
field amplitude,
Cq(β) = 〈ψout(β) | aˆ | ψout(β)〉
=
q(1− q2)
q2 + (1− q2)2|β|2
β + (1− q)β. (5)
Fig.2 illustrates this dependence of Cq on β for q = 1/2. For low values of β, Cq rises
sharply, levelling off around |β| ≈ 0.5. At higher values of |β|, Cq slowly approaches (1−q)β,
as indicated by the dotted line. Since the input photon number state has a field expectation
3
C
(1)
1
2
(|β|)
0.5 1 1.5 2 2.5 3 3.5
0.5
1
1.5
|β|
FIG. 2: The absolute value of β dependence of the field amplitude C
(1)
q (β) in the case of q = 0.5.
The curve is approaching y = 0.5q.
value of zero, the field coherence in the output is a consequence of the measurement β. As
has been argued elsewere [6], β corresponds to the result of a field measurement performed on
the input state. This measurement creates coherence by projection onto displaced photon
number states as indicated by the diagonalized form of Tˆq(β) in equation (2). Since the
photon is the quantum mechanical equivalent of field intensity, each photon represents an
addition of one quantum unit to the field fluctuations. The measurement then converts the
field fluctuation into an actual field. This process is responsible for the rapid increase in
coherence at low values of β.
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III. CONCLUSIONS
We have investigated the effects of continous variable quantum teleportation on a single
photon input state. Because of the non-maximal entanglement used in the teleportation,
the measurement of β introduces coherence into the output state. We have quantified this
coherence, tracing its origin to the field fluctuations of the single photon input.
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